Lyme endocarditis is extremely rare manifestation of Lyme disease. The clinical manifestations of Lyme endocarditis are non-specific and can be very challenging diagnosis to make when it is the only manifestation of the disease. Until now, only a few cases where reported. Physicians should keep in mind the possibility of borrelial etiology of endocarditis in endemic areas. Appropriate valve tissue sample should be sent for histopathology, culture, and PCR especially in case of endocarditis of unknown origin PCR on heart valve samples is recommended. With more frequent PCR, Borrelia spp. may be increasingly found as a cause of infective endocarditis. Prompt diagnosis and treatment of Lyme carditis may prevent surgical treatment and pacemaker implantations. Due to climate change and global warming Lyme disease is a growing problem. Rising number of Lyme disease cases we can expect and rising number of Lyme endocarditis.
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INTRODUCTION
Almost 45 years after its first recognition, Lyme disease (LD) has recently become a huge and growing problem, both in Europe and the United States (Lindgren and Jaenson, 2006) . Due to global climate changes, LD is emerging as a threat to public health, easy spreading rapidly into new territories with a lack of a prevention method. The vector that carries the infective agent can be found in places where it has never been found before (Estrada-Peña et al., 2018) , and these tick distribution and density changes have been shown to be related to changes in climate (Liang and Gong, 2017) . If it is not immediately recognized and treated, it can be a life-threatening disease with multiple cardiac and neurological manifestations (Kannangara et al., 2019) . Lyme carditis (LC) is a rare manifestation of LD that includes: heart conduction abnormalities, myocarditis, pericarditis, endocarditis, pancarditis, arrhythmias, dilatative cardiomyopathy and congestive heart failure, myocardial infarction, and coronary aneurysms (Hidri et al., 2012; Kostić et al., 2017) . Lyme endocarditis (LE), one possible manifestation of LC, is rare and has been the subject of case reports. Due to climate change, an increased incidence rate of LC with involvement of heart valve can be expected (Lindgren and Jaenson, 2006; Liang and Gong, 2017; Estrada-Peña et al., 2018; Kannangara et al., 2019) .
EPIDEMIOLOGY
Lyme disease is endemic and the most common vector-borne bacterial disease transmitted to humans in North America, Europe, and Asia. In the United States, around 60,000 cases were reported in 2017, according to the Centers for Disease Control and Prevention (CDC), an increase of more than 20% over 2016 (Centers for Disease Control and Prevention [CDC], 2018). In 2015, LD was the sixth most common nationally notifiable disease in the United States. In the states where LD is most common, the average incidence is 39.5 cases per 100,000 persons (Northeast, mid-Atlantic, and upper Midwest of the United States) (Bacon et al., 2008) . It seems that this number is underestimated and that the actual incidence of LD could be as much as 10 times higher than the CDC data indicate. This is a result of inadequate reporting, misdiagnosis, and the fact that physicians tend to underreport reportable diseases (Adams et al., 2015) .
Estimation from available national data suggests that there are about 85,000 cases per year in Europe where most LD is reported by Scandinavian countries, Germany, Austria, and Slovenia (Lindgren and Jaenson, 2006) . Smith and Takkinen (2006) showed that the estimated incidence of LD was as high as 206 cases per 100,000 population in Slovenia and 135 cases per 100,000 population in Austria, which are among the highest reported rates in Europe. Increases in prevalence have also been observed in Sweden, Germany, Czechia, Norway, and Finland (Jaenson and Lindgren, 2011; Heinz et al., 2015; Semenza and Suk, 2017) . In Asia, Borrelia burgdorferi infection has been reported in countries including China, Korea, Japan, Indonesia, and Nepal and in eastern Turkey (Jaenson and Lindgren, 2011; Heinz et al., 2015) . Beside the above-mentioned areas, cases were reported in more tropical locales, and LD may exist in Australia (Dehhaghi et al., 2019) .
CARDIAC MANIFESTATION OF LYME DISEASE AND VALVE INVOLVEMENT
Lyme carditis is rare, representing only 0.3-4% of cases in Europe (Hidri et al., 2012) . In the United States, between 4 and 10% of patients who do not undergo treatment of LD develop carditis (Paim et al., 2018) . LC is associated with acute-onset atrioventricular blocks (I-III), which are the most common feature of LC, arrhythmias and myocarditis or pericarditis, and pericardial effusion, while the chronic stage includes dilated cardiomyopathy (Palecek et al., 2010; Hidri et al., 2012) . In a review of 84 patients who had LC, 69% reported palpitations, 19% had conduction abnormalities, 10% had myocarditis, and 5% had left ventricular systolic dysfunction (Paim et al., 2018) .
Valvular involvement, as a manifestation of LC, is extremely rare and is the subject of case reports (Hidri et al., 2012; Paim et al., 2018) . To date, seven cases in the adult population have been reported and one in the pediatric population. It is important to know that complete conduction recovery with antibiotic treatment occurs in more than 90% of LC cases (Kostić et al., 2017) . In areas where LD is endemic, the evaluation of acuteonset cardiac symptoms, with evidence of conduction disease or valvular pathology, should lead to a work-up for LC (Palecek et al., 2010; Kostić et al., 2017; Paim et al., 2018) . Prompt diagnosis and treatment of LC may prevent unnecessary surgical treatment, pacemaker implantation, or treatment of heart failure (Palecek et al., 2010; Hidri et al., 2012; Paim et al., 2018) .
PATHOIMMUNOLOGY
Borrelia burgdorferi is a highly invasive spirochete that produces adhesions. Via these proteins, B. burgdorferi adheres to endothelial cells and to components of the extracellular matrix. By changing of its surface, B. burgdorferi modifies immunological response and decreases the phogocytosis of the infected organism (Zajkowska et al., 2000; Zajkowska and Hermanowska-Szpakowicz, 2002; Raveche et al., 2005) . Wasiluk et al., in their paper, stated that, in resistant chronic LD, autoimmune mechanisms play a role in persistent disease (Wasiluk et al., 2011) . B. burgdorferi displays tropism to heart connective tissue, synovial membrane, ligaments, tendon attachments, and vascular endothelium, where it makes molecular changes (dominantly in Lyme arthritis and LD) (Froude et al., 1989; Grzesik et al., 2004; Raveche et al., 2005; Petzke and Schwartz, 2015) . There is a belief that autoimmunity and genetic predisposition may play important roles in the inflammation process. One of the mechanisms of autoimmunity is molecular mimicry. By aggregation with fibroblasts and tissue proteins, B. burgdorferi disturbs the secretion of cytokines and antibodies, but it can directly attack and destroy T and B lymphocytes as well (Zajkowska et al., 2000; Raveche et al., 2005) . This spirochete activates chemotactic factors by induction of interleukins (IL) IL1, IL6, IL8, and IL10, mediators of inflammation, and immunological complexes and activates the complement system (Steere et al., 2001; Tuchocka, 2002; Raveche et al., 2005; Wasiluk et al., 2011) .
LYME ENDOCARDITIS: A REVIEW OF THE LITERATURE
A computerized literature search was conducted using the PubMed databases for relevant articles on LE published in English from 1977 to July of 2019. A possible connection between LD and valve involvement in a 56-year-old male was described in 1993 by Anish. The diagnosis was based on clinical findings: aortic valvular vegetation revealed by transesophageal echocardiography, positive Borrelia spp. serology, and prompt improvement after ceftriaxone therapy. However, neither histopathologic nor molecular screening of valvular tissue was performed in order to confirm the suspicions of LE (Anish, 1993) . Canver et al. described a case of fulminant LE with involvement of mitral valve in a B. burgdorferi seropositive patient, but again, without valve tissue analysis for confirmation (Canver et al., 2000) . Borrelia bissettii was detected in the aortic valve tissue of a patient with endocarditis and aortic stenosis in the Czechia. Molecular analysis of a valve sample confirmed the presence of B. bissettii DNA (Rudenko et al., 2008) . Hidri et al. (2012) described the first case of Borrelia afzelii LE, in a 61-year-old man living in an endemic area of France. They reported a case of endocarditis of mitral valve. The diagnosis was confirmed by detection of B. afzelii DNA by specific real-time Polymerase Chain Reaction (PCR). The patient was scheduled for mitral valve replacement due to mitral regurgitation caused by mitral valve prolapse and rope rupture. During surgery, the macroscopic analysis of the mitral valve, showing prolapse of the posterior and perforation of the anterior valve, suggested endocarditis. All routinely performed microbiological analysis was negative, but microscopic analysis revealed intracellular microorganisms that were ultimately confirmed as B. afzelii. This case emphasized the need to perform PCR on heart valve samples in the case of endocarditis of unknown origin and to have in mind the possibility of borrelial etiology in endemic areas.
The first case of LE confirmed by molecular diagnostics in the United States was reported by Paim et al. (2018) in a 68-year-old male who presented with heart failure with suspected community-acquired pneumonia. Transesophageal echocardiogram revealed severe mitral regurgitation due to aneurismal dilatation of the anterior mitral leaflet with a perforation. These findings suggested infectious etiology. The patient reported LD 8 years previously, which was treated with two sequential courses of doxycycline. The results of serological testing were negative, including four blood cultures as well as virus testing and PCR of Tropheryma whippelii and Borrelia spp. Results of the 16S rRNA PCR and sequencing performed on resected mitral valve tissue were positive for B. burgdorferi. Diagnosis of LE can be very challenging due to an inability to grow the organism in culture, and serologic testing cannot distinguish current from prior infection, especially when it is the only manifestation of the disease (Paim et al., 2018) .
Authors from Cleveland reported a case of LE confirmed by PCR without prior clinical manifestations of LD. They described a case of a 65-year-old female with mitral regurgitation due to myxomatous mitral valve degeneration and valve prolapse who underwent mitral valve repair. She denied tick bites or annular rash. During the operation, the surgeon suspected an infective rather than degenerative etiology due to anterior leaflet scarring and destruction over the A2 area, with thickened chords. All tissue cultures were negative. DNA of B. burgdorferi was identified by 16S ribosomal ribonucleic acid sequencing. This case suggests that when the cardiac surgeon suspects on infective pathology, tissue samples should be sent for culture, histopathology, and PCR analysis (Haddad et al., 2019) .
Cardiac manifestations of LD typically include the atrioventricular conduction system, rarely heart valves. Patel and Schachne (2017) reported a case of a 59-year-old male with involvement of both the electrical conduction system and the mitral valve. LD was diagnosed on the basis of elevated immunoglobulins IgA, IgM, and IgG to B. burgdorferi. The authors revealed that mitral regurgitation was likely to be chronic rather than acute due to the echo parameters. Complete recovery of the conduction system after antibiotic treatment was noticed in this case, and stress echocardiography showed reduced mitral regurgitation. Their conclusion was that local invasion of pathogen and macrophage caused leaflet edema. Histopathology was not done, and they speculated whether it was possible that local myocardial inflammation had worsened the regurgitation of a chronically diseased valve. Finally, in areas endemic for LD, the evaluation of acute-onset cardiac symptoms, especially with evidence of conduction disease or valvular pathology, physicians should think of LC and LE. Prompt diagnosis and treatment of LD and LE may prevent surgical treatment and pacemaker implantation (Patel and Schachne, 2017) .
The only LD case in children with suspected involvement of mitral valve was reported by Kameda et al. (2012) They described an unusual manifestation of LD in a 7-year-old girl with Lyme neuroborreliosis with meningoradiculitis and involvement of mitral valve that was discovered due to a heart murmur. She was treated by cefotaxime for 4 weeks. After one year, echo showed a normal mitral valve with trivial mitral regurgitation. In children, LE is extremely rare, and this is the only case in the literature with suspected valve involvement in a child. Despite improvement after therapy, there was no evidence from histopathology or PCR of the valve tissue and no definitive diagnosis of LE (Kameda et al., 2012) . A summary of the case reports is given in Table 1 .
Lyme endocarditis is a rare condition, but new cases can be expected due to climate change. Global warming, as one of the components of climate change, has increased significantly in recent years, and it has had a huge impact on human health (Watts et al., 2015) . The effect of global warming on human health is divided into two categories: a direct effect on disease, such as heat shock and increased mortality in the population with other diseases, and an indirect effect on diseases such as infectious diseases and allergies. Heatwaves, storms, drought, and floods result in a shift in the distribution of pathogens and vectors, which consequently results in a shift in the distribution of human infectious disease (Kuhn et al., 2005; Tian et al., 2015) . Tick-born disease and the transmission of disease-causing agents are significantly influenced by weather and climate as well, which has an indirect effect on humans (IPCC, 2013) . Milder winters and warmer falls and springs may enable the extension of Lyme borreliosis to higher altitudes and latitudes, predominantly in the north of Europe (Semenza and Menne, 2009) . Thus, the level of influence depends on the kind of vector (Confalonieri et al., 2007; Kurane, 2010) .
DIAGNOSIS
Lyme disease, and especially LE, can be very challenging to diagnose. The most specific (100%) examination is culture of Borrelia spp. This test provides information on active infection, enables the investigation of the structural, molecular, antigenic, and pathogenic properties of the antigen, and can distinguish live from dead organisms (Reed, 2002; Aguero-Rosenfeld et al., 2005; Murray and Shapiro, 2010) . But, there are limitations to this exam. The main limitation is the time needed for the culture to reveal its results (up to 12 weeks for it to be considered negative). Other issues are the low sensitivity of the method in all other than the cutaneous manifestation of the disease, its inapplicability for diagnosis in antibiotic-treated patients, the need for special media, and its expense (Karlsson et al., 1990; Nadelman et al., 1990) .
Serological examination is widely used and is available in the clinical setting. Frequently used assays are enzyme-linked immunosorbent assay (ELISA), immunofluorescence assays, and Western blotting (Tugwell, 1997; Schutzer et al., 2018) , but false-negative and false-positive results may occur (Schutzer et al., 2018) . ELISA is recommended as the initial serological examination. Tests are objective, fast, and easy to perform and are suitable for the diagnosis of other forms of LD beside cutaneous. This is the reason why, in the United States, a two-step protocol for the evaluation of B. burgdorferi antibodies in sera has been recommended (Miller et al., 2018) . In both ELISA and Immunoblot assays, the antigens used should detect both IgM and IgG antibodies. Immunoblot should have a high specificity of at least 95% (Miller et al., 2018; Schutzer et al., 2018) . In the early stages of the disease, serological tests may reveal false-negative results in a high percentage. False-positive results can be seen in mononucleosis, autoimmune states and Treponema pallidum infection. Western blot is more sensitive and specific than ELISA, and it is recommended as a second step in diagnosis and for confirmation of ELISA findings (Miller et al., 2018) .
Polymerase Chain Reaction can be very helpful, since it detects the genetic material of Borreliae sp. directly in multiple tissues and provides molecular identification and antimicrobial therapy does not affect the results (Rijpkema et al., 1997) . Transvenous endomyocardial biopsy can be indicative of LD. The band-like infiltrate is strongly suggestive, and it can be seen even if the quality of the specimen is limited (Marques, 2015) . Its intrinsic limitations, which include sampling error, the necessity that the patient undergo an invasive procedure to obtain appropriate tissue, and the variability of interpretation, restrain its use in clinical practice (Reed, 2002; Aguero-Rosenfeld et al., 2005) .
TREATMENT
Antibiotic therapy in the early stages of LD prevents or attenuates later complications of the disease (Sangha et al., 1998) . Antibiotic regimens for the treatment of LD include amoxicillin 500 mg orally three or four times daily for 30 days, doxycycline 100 mg orally twice daily for 30 days, and ceftriaxone 2 g intravenously daily for 2 to 4 weeks (Fish et al., 2008) . Cefotaxime 3 g intravenously twice daily for 2 to 4 weeks is reportedly as effective as ceftriaxone in patients who have other late manifestations of LD (50, 51). Patients who have minor cardiac involvement (e.g., prolongation of the PR interval of no more than 0.30 s) and no other symptoms should receive oral antibiotic therapy with amoxicillin or doxycycline as for early disease. Patients who have more severe LC, should be admitted to hospital and administered intravenous ceftriaxone or high-dose penicillin G. As has been mentioned, complete heart block generally resolves within 1 week, with resolution of lesser conduction disturbances within 6 weeks (Olson et al., 1986; McAlister et al., 1989; Fish et al., 2008) . A summary of LE treatment from limited cases in the literature is given in Table 1 .
SUMMARY AND CONCLUSION
Lyme endocarditis is an extremely rare manifestation of LD. The clinical manifestations of LE are non-specific, and it can be a very challenging diagnosis to make when it is the only manifestation of the disease. Until now, only a few cases have been reported. In case of endocarditis of unknown origin, PCR on heart valve samples is recommended. Physicians should keep in mind the possibility of a borrelial etiology of endocarditis in endemic areas. An appropriate valve tissue sample should be sent for histopathology, culture, and PCR when a cardiac surgeon suspects infective endocarditis during an operation. The use of PCR is crucial to detect and identify the causative organism in infective endocarditis, especially in those with negative blood and tissue cultures. With more frequent PCR, Borrelia sp. may be increasingly found to be the cause of infective endocarditis. Prompt diagnosis and treatment of LE and LC may allow surgical treatment and pacemaker implantation to be avoided. Due to climate change and global warming, LD is a growing problem, and, due to the rising number of LD cases, we can expect a rising number of LE cases as well.
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